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Neoclassical transport processes of electrons 
and ions are investigated in detail for toroidally 
rotating axisymmetric plasmas with large flow 
velocities on the order of the ion thermal 
speed [1]. The magnetic field and the toroidal 
flow velocity V 0 = 0( VTi) are written as B = 
l\1( + \1( x \lw and Vo = -Rc(8CI?of8w)(;,, 
where ( is the toroidal angle, W represents the 
poloidal flux, and if? 0 denotes the lowest-order 
electrostatic potential in the small-gyroradius 
expansion. For the . rotating plasma consisting 
of electrons and single-species ions, the neo-
classical transport equations are written as 
re Lee 11 Lee 12 Lei 12 L~v L~E x;1 
qe/Te Lee 21 Lee 22 Lei 22 L~v L~E Xe2 
qi/Ti Lie 21 Lie 22 Lii 22 L~v L~E xi2 
rri Lv1 Lv2 L~2 Lvv LvE Xv 
JE L£;1 L£;2 Lk2 LEv LEE XE 
Here, the neoclassical radial particle flux, elec-
tron and ion heat fluxes are denoted by r e( = 
ri), qe, and qi, respectively. rri represents 
the neoclassical radial flux of the toroidal mo-
mentum, and JE (BJ11)/(B2 ) 1/ 2 is the av-
eraged parallel current. The thermodynamic 
forces are given by X;1 = -Ne-18(NeTe)/8r-
Ni- 18(NiTi)/8r, Xe2 = -8Te/8r, Xi2 
-8Ti/8r Xv - -8(V0 /R)/8r, and XE = 
(BEll) I (B2) 1/2. 
The neoclassical transport coefficients L's 
depend on the toroidal flow velocity V0 . The 
Onsager relations for the flow-dependent neo-
classical transport coefficients are derived from 
the symmetry properties of the drift kinetic 
equation with the self-adjoint collision opera-
tor. The complete neoclassical transport ma-
trix with the Onsager syJ;Timetry is obtained for 
the Pfirsch-Schliiter and banana regimes. 
The toroi.dal flow dependence of the ion ther-
mal diffusivity Xi = TiL~i2 / ni is expressed in 
terms of the enhancement factor F(Y) which 
is given for the banana regime as 
F(Y) Xi(VO) 
, Xi(VO = 0) 
1 + 0. 765Y - 0.631 Y2 + 0.280Y3 
where 
This enhancement factor is in good agreement 
with that given by Catto et al. in spite of the 
difference between the solution methods. 
The full expression of the parallel current for 
the toroidally rotating plasma in the banana 
regime is given by 
with the Spitzer conductivity O's and the en-
hancement factors 
FE;1 (Y) 
FE;2(Y) 
F~2 (Y) 
FEE(Y) 
1 + 0.868Y - 0.539Y2 + 0.229Y3 
1 + 2.248Y- 1.661 Y2 + 0.727Y3 
1 + 1.494 Y- 1.022Y2 + ·0.434 Y 3 
1 + 0.431 Y- 0.184Y 2 + 0.072Y3 . 
The sum of the neoclassical and classical 
toroidal momentum diffusivity for the banana 
regime is written as X¢ = Lvv/(nimiR~) + 
~PI/Ti = (110 q2 + ~)PI/Ti. The banana inward-
pinch velocity for the particles and the toroidal 
momentum due to the parallel electric field 
is derived from Vinward = -L~EXE/ne = 
-LvEXE/(nimiRoVo) as 
e ( r )1/2cEII 
Vinward = 2.411 FE1 (Y) Ro Bp. 
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